Introduction
Persistent pain after hip arthroplasty often presents a diagnostic and therapeutic challenge. In many cases, a standard workup, including plain radiographs, peripheral blood studies, joint aspiration, and bone scan, can lead to treatable diagnoses such as loosening or infection [2, 14] . However, there remains a subset of patients in whom these studies are nondiagnostic, often leading to frustration for both the patient and physician.
The advent of reproducible and safe techniques for hip arthroscopy has allowed minimally invasive access to the hip and the ability to inspect, diagnose, and treat various problems associated with hip abnormalities [12] . Naturally, as experience with hip arthroscopy has developed, indications have evolved over time. For patients who have previously undergone hip arthroplasty, reports have described arthroscopy for retrieval of third bodies [3, 10, 13, 16] and for débriding infection [4] . While a number of authors report the use of arthroscopy to evaluate and treat various painful conditions after knee arthroplasty [1, 5, 7, 11, 15, [17] [18] [19] [20] , its usefulness in evaluating and treating the chronically painful hip arthroplasty (after a negative standard workup) is not known.
The purpose of this study was (1) to review the results of hip arthroscopy after THA in a consecutive series of patients; and (2) to examine the indications for hip arthroscopy in patients with a painful hip arthroplasty and a negative workup for loosening and infection.
Materials and Methods
We retrospectively reviewed 14 patients (16 hips) who underwent arthroscopy after THA between September 1997 and December 2006 ( Table 1 ). We did not exclude any patients who underwent arthroscopy following hip arthroplasty during this time period. Indications for arthroscopy were intractable pain despite negative radiographs and aspiration arthrogram. The laboratory findings (CBC with differential, C-reactive protein, and sedimentation rate) were within normal range in all except for one patient with known sepsis who was medically compromised and could not undergo open arthrotomy. All patients underwent hip aspiration (16 hips) . This was nondiagnostic except in the aforementioned case of known sepsis. No patients had a bone scan. Two patients (two hips) received a diagnostic lidocaine injection but neither experienced substantial relief of symptoms. Two additional patients (two hips) received a Marcaine plus cortisone injection into the psoas sheath that failed to provide symptomatic relief. All of the patients in the diagnostic dilemma group were counseled and fully understood that the arthroscopic procedure might not be able to diagnose or solve the problem and that an open procedure still might be necessary. These patients all chose to proceed with arthroscopy given this information.
One patient underwent arthroscopy of bilateral painful THAs 7 years apart. One patient (one hip) underwent hip arthroscopy twice for recurrent migration of trochanteric wires into the articulation. We based outcomes on review of medical records from the patient's most recent followup visit; no patients were specifically recalled for this study. The study group consisted of four men and 10 women with a mean age of 59 years (range, 38-83 years). All patients were available for followup at a minimum of 1 year (range, 1-9 years). This study was approved by our institutional review board.
All procedures were performed by the senior author (JCM). All patients received general anesthesia and were discharged on the day of surgery. The senior author prefers the lateral decubitus position because it provides reproducible bony landmarks for orientation and facilitates access for instrumentation. Patients were positioned in a specialized distraction device (Innomed, Savannah, GA) with appropriate padding to protect against neuropraxia. Two or three peritrochanteric portals were used.
After skin penetration, we used sheathed blunt trocars to pass through the intervening adipose, fascia, and muscle tissue until the hip capsule became palpable as a firm but not solid structure. This protects all interceding neurovascular structures and muscle from sharp equipment and repetitive trauma during the exchange of instruments and scopes. The entry point for the anterior superior trochanteric portal was placed at the junction of the anterior and mid 1 .
3 of the superior greater trochanteric ridge. We placed the posterosuperior trochanteric portal at the junction of the mid and posterior 1 .
3 of the superior greater trochanteric ridge. These portals can be switched between the camera and instrumentation as necessary. Cannulae were directed at the prosthetic neck under fluoroscopic control. We inserted the arthroscope after the capsule was distended with saline. After fluid was sent for culture, adhesions and periprosthetic granulation tissue were thoroughly débrided. If there were third-body particles within the hip (trochanteric wires, beads, and so on), we distracted the joint for removal. Finally, the joint was lavaged with at least 20,000 mL of sterile saline. There was typically less than 10 mL of blood loss. Total surgical time was typically less than 1 hour (mean, 45 minutes; range, 30-65 minutes).
Once the patients were awake and transferred to the day surgery center, they were taught to walk with crutches. We used no formal physical therapy. Patients were discharged home the same day and seen in the office at 1 week for an initial wound check and suture removal. Patients were then seen for routine clinical checks at 6 weeks, 3 months, and annually thereafter.
The surgeon must pay close attention to various technical aspects of the procedure to avoid known complications. Traction should be applied for as short a duration as possible and the groin and foot must be wellpadded to avoid postoperative nerve palsies, skin abrasions, and ankle pain. Meticulous sterile technique is of utmost importance given the underlying prosthesis. Attention must also be paid to ensuring that the metal arthroscopy cannulae do not scratch the articulating surface. We had available multiple arthroscopy sets and arthroscopes so all the arthroscopy kits and arthroscopes were fully sterilized between cases.
Results
There were no perioperative complications in this series of 15 patients (16 hip arthroscopies). Patients were full weight bearing and used crutches for an average of 5 days (range, 2-7 days). Twelve cases were performed for diagnostic purposes (Table 1) . One patient (Case 1) had suspected sepsis that could not be confirmed by standard testing (Table 1) . Eleven cases had hip arthroscopy for persistent pain despite negative radiographs and aspiration arthrogram. Findings included a loose acetabular component (one); corrosion at the head-neck junction of a metal-on-metal articulation (one); soft tissue-scar impingement at the head/cup interface (four); synovitis with associated scar tissue (four); and capsular scarring with adhesions (one).
In four cases, arthroscopy was used as an alternative to open arthrotomy for selected clinical scenarios. One case (Case 2) of joint sepsis in a patient who was not a candidate for open arthrotomy was lavaged and débrided arthroscopically and treated with intravenous antibiotics without recurrent sepsis at minimum 3-year followup. Intraarticular metal fragments ( Fig. 1A-B ) and a loose acetabular screw ( Fig. 2A-C) were successfully removed through arthroscopic means in three cases.
Overall, arthroscopy represented a successful treatment (six patients, six hips) or directly led to a successful treatment (revision of components in two patients, two hips) in eight of 12 cases considered diagnostic dilemmas at the time of surgery. Four of the nine patients with isolated abnormal soft tissue findings had persistent symptoms after débridement. Arthroscopy was a successful therapeutic alternative in all four patients with known problems.
Selected Case Reports

Case 1
A morbidly obese 58-year old woman underwent bilateral THA and, 5 years later, had revision on the left hip for aseptic loosening. She presented 2 years after revision with recurrent and intractable hip pain. Hip aspiration was difficult because of her obesity. Two aspirations were nondiagnostic; one produced no joint fluid and the other grew Staphylococcus aureus on broth only. Her erythrocyte sedimentation rate and C-reactive protein levels were mildly elevated. Because of this inconclusive evidence, hip arthroscopy was performed to obtain joint fluid and a synovial biopsy. Concurrent joint lavage and débridement 
Case 6
A 67-year-old man presented 16 months after THA with a metal-on-metal articulation with persistent groin and thigh pain of 6 months' duration. The pain was worse with weight bearing and he required a cane for support. Physical examination revealed large, prominent soft tissue swelling in the left proximal thigh. Radiographs and ultrasound were negative. Hip aspiration was negative for signs of infection. Hip arthroscopy revealed diffuse metal synovitis, corrosion at the femoral head-neck junction (Fig. 3) , and numerous porous beads within the joint and at the articulation. There was abundant reactive granulation tissue throughout the joint. The patient was referred back to his operating surgeon for further workup and was subsequently diagnosed with metal hypersensitivity. The patient was eventually treated with revision to a metal-on-polyethylene articulation 1 year after arthroscopy.
Discussion
Improvements in instrumentation, safe joint distraction techniques, and surgical expertise have overcome the technical challenges that previously limited hip joint access through arthroscopy. The ability to directly diagnose and treat hip abnormalities with minimally invasive techniques continues to evolve. Indications for hip arthroscopy in the native hip have included management of labral tears and chondral lesions, removal of loose or foreign bodies, subtotal synovectomy, and synovial biopsy and pyarthrosis [12] . The role of arthroscopy in the workup and treatment of problems related to previous hip arthroplasty is less clear. Specifically, the value of arthroscopy in evaluating the persistently painful hip arthroplasty remains unknown.
Limitations of this study include the absence of standardized preoperative and postoperative outcomes scores. However, in this group of patients with somewhat unusual clinical problems, it would be difficult to determine what outcome instrument would best capture their hip status. Furthermore, although this series represents an inclusive group of patients who underwent arthroscopy postarthroplasty, we did not define strict inclusion criteria in advance.
A number of case reports [9, 10, 13] and small case series [4, 6] have described hip arthroscopy after previous arthroplasty. Hyman et al. [4] reported eight patients treated with arthroscopic irrigation and débridement for confirmed late periprosthetic infection. They noted no recurrence of infection and no progressive radiographic loosening at a mean followup of 70 months [4] . Open arthrotomy and débridement has remained our standard treatment for the acutely infected hip arthroplasty. However, we successfully treated one patient who was not a candidate for open arthrotomy using arthroscopy. In a second patient with suspected joint infection, the diagnosis was confirmed and treated through arthroscopy.
The removal of foreign bodies and entrapped cement using arthroscopic techniques has been previously reported after hip arthroplasty [9, 10, 13, 16] . In these cases, dislocations of hip implants in either the perioperative period or later resulted in entrapment of the implanted drain or fragmented cement debris, preventing successful closed reduction. Hip arthroscopy was used to clear the interposed material and enable closed reduction of the hip prosthesis. None of the patients in this series were treated for entrapped debris postdislocation; however, we were able to successfully remove migrated hardware using arthroscopic techniques in three cases.
We identified previously unrecognized componentrelated problems in two patients (metal corrosion in one patient and acetabular loosening in another). Both patients were subsequently treated with revision arthroplasty. In a previous report [3] , arthroscopy was used to assess acetabular cup loosening in a patient with clinical and radiographic signs of massive polyethylene wear 3 years after THA. The polyethylene was broken into three pieces. Khanduja and Villar [6] recently described the use of hip arthroscopy to diagnose a loose acetabular component in a patient who presented with persistent pain after resurfacing hip arthroplasty and had a negative preoperative workup for infection and loosening.
Three of the four patients in this study with impinging scar tissue experienced complete pain relief after débridement; an additional two patients out of four with nonimpinging scar tissue plus synovitis had complete resolution of their symptoms. One patient with adhesions and capsular scarring without impingement or synovitis had complete resolution of symptoms after arthroscopic débridement ( Fig. 4) . Although this has not been previously documented in arthroscopy post-THA, the literature supports arthroscopy after TKA for débridement of fibrous scar tissue causing painful, limited motion, patella clunk, and tethered patella syndrome [1, 5, 8, 11, 15, [17] [18] [19] . It is important to note, however, arthroscopy was least successful in this subgroup of patients with only five of nine patients achieving complete pain relief.
Most problems after hip arthroplasty can be diagnosed by clinical examination (leg-length discrepancy, abductor weakness, etc.), plain radiography (component loosening, malposition, trochanteric nonunion, etc.), or special studies such as bone scan or aspiration arthrogram (subtle loosening or sepsis). Often, newer imaging modalities such as CT or MRI are of limited utility in these cases due to metal artifact that limits the ability to visualize peri-and intraarticular structures. In cases in which unexplained symptoms persist despite negative diagnostic evaluation, surgeons have been cautious to proceed to diagnostic open arthrotomy as a result of the prolonged recovery and associated risks of infection, instability, deep venous thrombosis, pulmonary embolism, muscle weakness, and nerve injury. In this situation, arthroscopy may be a useful diagnostic, and sometimes therapeutic, tool. The work up for patients in this series consisted of plain radiographs, aspiration arthrogram, and blood work consisting of complete blood count with differential, C-reactive protein, and sedimentation rate. Metal-reduction CT and MRI were not available for most of the patients in this study. One of the most recent patients did have a negative aspiration arthrogram spiral CT. Two of the patients with persistent groin pain had no relief from injecting the psoas sheath under ultrasound guidance with a cortisone derivative and long-lasting analgesic. Two patients had intraarticular analgesic injections without relief and four patients were referred for spine evaluation that failed to indicate lumbar pathology as a source of pain. In this series, arthroscopy effectively treated or directly led to effective treatment in eight of 12 cases presenting as diagnostic dilemmas. Arthroscopy also served as an effective therapeutic alternative in four cases with known postarthroplasty problems. Arthroscopy allowed for direct inspection of the joint and implants without the morbidity and risks associated with open arthrotomy. All cases were performed on an outpatient basis and the recovery period was substantially shorter than after open arthrotomy. Our indications for arthroscopy after THA continue to evolve. We are more inclined to perform arthroscopy in patients with identifiable loose bodies or signs and symptoms of impingement. Further prospective, controlled studies are needed to further define the role of arthroscopy in evaluating the painful hip arthroplasty.
